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Isohedonic Tastes Support a Two-dimensional'
Hypothesis of Palatability

KENT C. BERRIDGE and HARVEY J. GRILL
Department of Psychology and Institute of Neurological Sciences,
University of Pennsylvania

The hypothesis that tastes activate two systems of palatability processing was
tested by examining the ingestive and aversive fixed-action patterns (FAPs) elicited
by equally preferred tastes. Berridge and Grill (1983) reported that the probability of
occurrence of aversive FAPs could be increased without producing a reciprocal
reduction in the probability of ingestive responses. This independence of ingestion
and aversion was confirmed, and it was shown that the effect extends to measures of
the actual quantity, as well as the probability, of the F APs. It was further shown that
ingestive and aversive FAPs could be increased together by simultaneously
increasing the sucrose and quinine concentration of a taste. Equal preference
between tastes may therefore need not imply identical hedonic evaluations, but
rather simply an equivalent balance between ingestive and aversive systems. These
data provide support for a two-dimensional hypothesis of palatability processing.

The assessment of palatability involves an integration of information from taste
afferent neurons (e.g., Stellar, Hyman & Samet, 1954), internal state cues (e.g., Bertino,
Beauchamp & Engelman 1981; Cabanac, 1971) and prior associative and non
associative learning (e.g., Booth, Nather & Fuller 1982; Garcia & Koelling, 1966; Rolls,
Rolls, Rowe & Sweeney 1981). These various sources of information are combined
together by the central nervous system to produce decisions about palatability that
control behavior. A variety of different measures, including consumption, preference
tests, instrumental tasks, species-specific consummatory responses, and human
hedonic ratings are affected by this integration (cf. Grill & Berridge, in press, for review).
The behavior that results from this palatability evaluation has traditionally been
considered to fall along a dimension or continuum stretching from strongly positive,
through neutrality, to strongly aversive (e.g., Young, 1977). According to this view, the
palatability evaluation of a given taste is represented by a single point falling along the
continuum.

Recent data have led us to suggest that this traditional model may not adequately
reflect the outcome ofcentral nervous palatability evaluations (Berridge & Grill, 1983).
When confronted with a taste, the brain may instead make two independent decisions
regarding, respectively, the positive and negative aspects of palatability (Figure 1).
These decisions may remain separate and be processed in parallel through to the
behavioral final common path.
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FIGURE 1. A two-dimensional model of palatability. Point A represents a taste that weakly
activates both ingestion and aversion and results in a passive response. Point B represents a taste
that strongly activates both ingestion and aversion and results in the production ofboth ingestive
and aversive FAPs. The palatability of other tastes may be represented by points falling
anywhere within the plane described by the axes of ingestion and aversion. Reprinted by
permission from Berridge and Grill (1983).

The evidence for this proposition consists, first, of the observation that the taste
elicited fixed (or modal) action patterns of rats (FAPs), which fall into two distinct
groups corresponding to ingestion and aversion (Grill & Norgren, 1978), can be elicited
in a sequence of rapid alternation between ingestive and aversive FAPs (Berridge &
Grill, 1983). Rapid alternation between functionally opposite behaviors suggests the
possibility of a conflict between underlying potential tendencies (e.g., Hinde, 1954;
Miller, 1959; Tinbergen, 1952; see also Andrew, 1972). Second, and more important, is
the finding that changes in the probability of ingestive and aversive FAPs can be
manipulated independently of each other (Berridge & Grill, 1983). According to the
single dimension view, a shift in palatability moves the evaluation along the single
continuum and one should therefore find a reciprocal change in behavioral output: as
one class of FAPs grows the other should reciprocally decline. According to a two
dimensional view, on the other hand, it should be possible to produce an increase in the
strength of aversion without changing the strength of ingestion, by moving the decision
point in Figure 1 upwards along the aversive axis but keeping it stationary on the
ingestive axis. For example, when glucose and quinine were added to a solution of0·3 M

ammonium chloride (salty and metallic tasting to humans) that originally elicited a
mixture of ingestive and aversive FAPs, the proportion of rats showing aversive FAPs
increased while the incidence of ingestive FAPs remained unchanged (Berridge & Grill,
1983).

A number of reservations remain from these data, however. First, the asymetrical
change in aversive responses found by Berridge and Grill (1983) was entirely due to a
shift in the incidence of one aversive FAP, namely, gapes. This might mean that gapes
are an especially sensitive index of palatability shifts. On the other hand, tl,e use of
multiple measures such as F APs substantially increases the possibility that a false
significance could be obtained by chance. It is important to know whether the
asymmetrical change in aversive gapes can be obtained using other taste mixtures and
whether other aversive FAPs can be made to increase asymmetrically. Second, the
asymmetrical shift was shown using a measure of response likelihood; that is, the
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number of rats in which each FAP was present. This measure is highly sensitive to both
taste quality and intensity (Berridge, Grill & Norgren, 1981; B. Schwartz & H. J. Grill,
unpublished data) but it does have the drawback of being insensitive to the absolute
number of FAPs emitted. While a change in the number of FAPs shown by a rat from 0
to 1 and a change from 0 to 10 are both detected by this method, the difference in
magnitude is not registered. Furthermore, a change from 1 to 10 is not detected at all
because the percentage-responding measure is an 'all or nothing' measure of behavior.
It is reasonable to ask whether a replication of the asymmetrical change in aversion
without a change in ingestion found by Berridge and Grill (1983), measured in terms of
percentage of rats showing each FAP, would also be expressed by a measure of the
absolute number of FAPs.

The present study provides the answers to both of these questions. It supports the
conclusion that the probability of occurrence of ingestive and aversive FAPs can be
changed independently. It further shows that these changes in response likelihood are
correlated with changes in the actual number of FAPs.

METHODS

The work of P.T. Young and his colleagues provides a promising source of taste
mixtures for this investigation in the form of isohedonic (equally preferred) taste pairs
and contours (Christensen, 1962; Young, Burright & Tromater, 1963; Young &
Christensen, 1962; Young & Schulte, 1963). In particular, Young and Schulte (1963)
provide a variety of isohedonic pairs for sucrose and quinine, using a 3-min two-bottle
preference test and the up-and-down group method of Dixon and Massey (1957) to
calculate equivalent preferences. Young and Schulte determined the concentration of
sucrose that must be added to a given quinine hydrochloride concentration in order to
make the mixture equally preferred to an unadulterated sucrose standard solution of
lower concentration. The resulting mixture and standard constitute an isohedonic pair.
As quinine concentration is increased, sucrose concentration must also be increased in
order to keep preference equivalent relative to a given sucrose standard. When a
number of isohedonic pairs have been identified, corresponding to a single standard, a
curve may be plotted in a space where the axes are sucrose and quinine concentrations
respectively. This curve is the isohedonic contour, and all points along it are assumed to
be equally preferred (Young & Schulte, 1963).

Two isohedonic contours were chosen for th~ present examination, corresponding
to 4 and 8% sucrose standards (percentage concentrations in g/100ml, following Young
& Schulte). We examined FAPs elicited by these two standards and by the isohedonic
mixtures corresponding to the points along their contours containing 0·01% quinine
hydrochloride (7% sucrose for the lower concentration; 18% for the higher). Finally,
since the purpose of this experiment was to replicate the independent increase in
aversion found by Berridge and Grill (1983), we compared the 8% sucrose standard
to a mixture that should lie on the aversive side of its isohedonic contour, namely a
solution of 18% sucrose and 0·05% quinine.

Surgical Procedure

Ten male Sprague-Dawley rats, weighing 300-400 g, were each implanted with two
chro~ic oral cannulas under ketamine anesthesia using the method of Grill and
Norgren (1978). The oral cannulas entered the mouth anterolateral to the first
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maxillary molar. The cannulas provided channels into which fine tubing (PE 10) could
be fitted. This was attached via a length of PE 50 tubing to a 1ml syringe. This
apparatus enables the infusion of taste solutions into the rat's mouth. Testing began
two days after surgery. The rats were divided into two replication groups containing
five rats each.

Testing Procedure

Rats were allowed ad libitum access to Purina lab chow and water until testing. At this
time each rat's oral cannulas were connected to stimulus delivery tubes. On each test
day rats were allowed to habituate to the cylindrical, clear-plastic testing chamber for
10 min prior to testing. A 1-ml volume of the taste solution was then infused into the
mouth at a constant rate over 1 min, and the animal's behavior was videotaped for
subsequent slow-motion analysis.

Testing continued over four weeks. During the first week, rats were run on the
isohedonic pair of lowest concentration, 4% sucrose versus [7% sucrose + 0·01%.
quinine hydrochloride]. All concentrations refer to final solutions. Each rat was run
twice on each taste solution in balanced order. The isohedonic pair of higher
concentration, 8% sucrose versus [18% sucrose +0·01% quinine], was run the second
week using the same procedure. During the third week, 8% sucrose was compared with
a solution that was equal in sucrose concentration to its isohedonic pair but that had
five times the appropriate amount of quinine, namely, [18% sucrose + 0·05% quinine
hydrochloride]. To deal with the possible confound of response ceilings, responses to
the unadulterated taste extremes (18% sucrose and 0·05% quinine) were tested
separately.

Behavioral Criteria

Each rat was scored for the occurrence of ingestive and aversive F APs. Ingestive
FAPs (see Figure 2, top) are mouth movements: low-amplitude rhythmic opening of the
jaw (6·6 Hz); tongue protrusions: rhythmic protrusions of the tongue on the midline
(8·8 Hz), with the tongue covering the upper incisors; lateral tongue protrusions: non
rhythmic extensions of the tongue on either side of the mouth, with the tongue passing
the lip laterally as it moves forward, with duration of 85-215 msec; and paw licking: the
rat persistently directs its ingestive response towards its own forepaws, holding them
close to the mouth and lapping at them for some seconds. Aversive FAPs (see Figure 2,
bottom) are gaping: rapid large-amplitude opening of the mandible with concommi
tant retraction of the corners of the mouth to reveal the internal oral labia, and
retraction of the lower lip, lasting approximately 150 msec; chin rubbing: bringing the
mouth in direct contact with the floor or wall and projecting the body forward by
flexion of the dorsal neck and by pectoral and forelimb musculature; head shaking:
rapid side-to side movements of the head at a rate faster than 60 Hz; locomotion:
rearing and movement with excessive speed around the chamber; forelimb flailing:
rapidly shaking both forelimbs in the horizontal plane with a frequency of greater than
60 Hz; and face washing: the unilateral downward movement of either paw across the
face. Face washing can occur as a single movement or as a group of several wipes with
the same paw. A response which we have previously classified as neutral was recorded
as passive drip: instances in which the infused stimulus elicited neither ingestive nor
aversive FAPs but was instead allowed to accumulate passively along the tip of the
lower mandible and drop off.
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FIGURE 2. Taste-elicited FAPs. Ingestive FAPs (top) are elicited by oral infusions ofglucose,
sucrose, and other palatable solutions and include rhythmic mouth movements, tongue
protrusions, lateral tongue protrusions, and paw licks. Aversive F APs (bottom) are elicited by
infusions of quinine solutions and include gapes, chin rubs, head shakes, paw wipes, forelimb
flailing, and locomotion (not shown). Adapted by permission from Berridge, Grill and Norgren
(1981).

Data Analysis

Videotapes were analysed in slow motion for the occurrence of each FAP. For the
purpose of quantifying the number of responses emitted, discrete FAPs such as lateral
tongue protrusions, gapes, chin rubs, and bouts of face washing, forelimb flailing,
headshakes, and locomotion were recorded each time they occurred in a frame by
frame analysis. Continuous FAPS that typically persist for relatively long periods were
recorded as follows: paw licks, mouth movements, and passive drips were recorded in 5
sec bins. To be recorded as an occurrence, these behaviors had to be performed
continuously for 5 sec, and every 5-sec bin was counted separately. For example, a rat
that showed paw licking continuously for 20 sec was scored as showing four paw licks.
Rhythmic tongue protrusions were scored in the same way in 2-sec bins. The choice of
these bin lengths was arbitrary and was designed to produce a comparable number of
bins of different behaviors, so as to allow them to be graphed along the same vertical.
aXIS.

RESULTS

Percentage of Rats Responding

In a first replication on five rats, the incidence of ingestive FAPs remained constant
for the two solutions of the low-isohedonic pair, 4% sucrose and [7% sucrose +0'01%
quinine]. However, the incidence of aversive gapes was significantly greater (p < 0'05,
two-tailed z-test of proportions) to the sucrose-quinine mixture (Figure 3) than to
sucrose alone. This pattern is identical to that found by Berridge and Grill (1983). The
components of the high-isohedonic pair, 8% sucrose and [18% sucrose +0·01%
quinine], elicited no consistent difference either in ingestive or aversive FAPs. Finally,
in the comparison between 8% sucrose and its "extra-quinine" mixture, [18% sucrose
+0'05% quinine], ingestive FAPs remained constant while the incidence of aversive
FAPs was again asymmetrically increased by the sucrose-quinine mixture. Both gapes
(p<0'05) and headshakes (p<0'01) were elicited in more rats by the sucrose-quinine
mixture than by sucrose alone.
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FIGURE 3. Percentage of rats showing taste-elicited FAPs. Figure represents the difference
between the proportion of rats showing each FAP to the constituents of each taste pair.
Extension of the bar above the line represents a greater percentage responding to the sucrose
standard; extension of the bar below the line represents a greater percentage responding to. the
sucrose-{Juinine mixture. One or two stars denote significant differences at p< 0·05 and p< 0·01,
respectively. Ingestive FAPs are paw licking (PL), lateral tongue protrusions (LTP), tongue
protrusions (TP), and mouth movements (MM). Aversive FAPs are gapes (G), chin rubs (CR),.
face washing (FW), forelimb flailing (FF), headshakes (HS), and locomotion (LO). Neutral
passive drip is (PD).

FAP Number

The results of scoring the actual number of F APs emitted were strikingly similar to
those obtained by simply measuring the percentage of the five rats that showed each
FAP (Figure 4). There was, however, one important difference. In the low-isohedonic
comparison, the level of aversion elicited by the sucrose-quinine mixture was again
higher than that elicited by the sucrose standard, as evidenced by a significant increase
in the number of gapes alone (p < 0·05; Wilcoxon matched-pairs test) and of total
aversive responses (i.e., all aversive FAPs added together; p < 0·05). Unlike the
percentage-of-rats-responding measure, however, this absolute measure also allowed
the detection ofan increase in the number of ingestive FAPs elicited by the low sucrose
quinine mi.xture over its standard, as evidenced by a greater number of lateral tongue
protrusions (p < 0·05) and ingestive FAPs combined (p < 0·05). On the second
isohedonic contour, 8% sucrose versus [18% sucrose +0·01% quinine], there was again
no difference in the response to the two .solutions. In the "extra-quinine" comparison
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FIGURE 4. Difference in the number of FAPs emitted. Bars represent the mean difference
(+ SEM) in the number of FAPs elicited by the constituents of each taste pair. Extension of the
bar above the line represents a greater number of FAPs elicited by the sucrose standard;
extension of the bar below the line represents a greater number of FAPs elicited by the sucrose
quinine mixture. Stars represent significant differences at p < 0·05. FAP symbols are as in
Figure 3.

between 8% sucrose and [18% sucrose+0·05% quinine], ingestive FAPs again
remained steady while the total number of each aversive FAP was increased by the
sucrose-quinine mixture (p < 0·05).

Replication

The statistical assumption of independent observations is violated by the use of two
observations per taste for each rat. To eliminate this violation, a second replication was
run using the identic,al procedure with five additional rats. For the purpose ofstatistical
analysis, the data from the two observations per taste were a,veraged into single scores
for all rats, from both replications. This produced a statistical analysis based entirely on
independent observations.

The results of this combined analysis (first replication plus second replication) were
essentially identical to those of the first replication alone. Using the measure of
response likelihood in the low isohedonic comparison, the incidence of ingestive FAPs
remained constant, while the probability of aversive gapes increased (p <0·01; two
tailed z-test of proportions), as did the probability of combined aversive FAPs
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(p < 0'01). The comparison between the high isohedonic standard and mixture again
showed no significant differences. In the comparison between the high sucrose standard
and the "extra-quinine" mixture, the probability of ingestive FAPs again remained
constant while the probability ofaversive gapes, chin rubs, and headshakes increased to
the mixture (p<O'Ol), as did the probability of face washing (p < 0'05) and combined
aversive FAPs (p <0'01).

Using the absolute measure of behaviors, the number of ingestive FAPs again
increased to the low isohedonic mixture (p < 0'05; Wilcoxon test), as did the number of
aversive gapes and headshakes (p < 0'02) and aversive FAPs combined (p < 0'01). In the
comparison between the high isohedonic standard and mixture, there was again no
difference. Finally, in the "extra-quinine" comparison, there was again no difference in
the number of ingestive FAPs. However, aversive gapes (p<O'Ol), headshakes
(p<0'05), and combined aversive FAPs (p<O'Ol) were once again elicited in greater
numbers by the sucrose-quinine mixture.

DISCUSSION

The purpose of this experiment was to"replicate the finding of Berridge and Grill
(1983) that the incidence of aversive FAPs can be made to increase independent of any
change in the incidence of ingestive FAPs. The present results of the "extra-quinine"
comparison show that this is indeed the case and that the independent change in
aversion can be obtained by using two different measures: the percentage of rats
showing each FAP or the actual number of FAPs emitted. The extra-quinine mixture
increased the incidence of gapes and headshakes while leaving ingestive FAPs
unchanged; it likewise increased the actual number of total aversive responses while
leaving the number of ingestive FAPs constant.

The comparison between the isohedonic tastes provides a separate test of the two
dimensional hypothesis. As a caveat, it should be noted that we did not independently
establish the isohedonicity of the taste pairs for our rats, but instead simply adopted
them from Young and Schulte (1963). For the purposes of the present discussion,
however, this does not matter. According to the one-dimensional model, if the tastes are
isohedonic then consummatory responses to each should be the same; if they are not
isohedonic then a change in one FAP group should be accompanied by a reciprocal
change in the opposite direction of the other group. If two separate decisions are made
concerning taste palatability, then this need not be the case.

The comparison within the isohedonic pair of lower concentration clearly supports
a two-dimensional hypothesis. Using the percentage-of-rats-responding measure,
aversion to the sucrose-quinine mixture was elevated, while ingestive FAPs did not
change. The absolute-number-of-FAPs measure confirmed the rise in aversion elicited
by the sucrose-quinine mixture. In addition, the absolute measure detected an
accompanying enhanced level of ingestion, in direct contradiction of the one
dimensional model. This suggests that the relation of"point A" to "point B" in Figure 1
might well represent the hedonic relation between 4% sucrose and [7% sucrose +0·01%
quinine]. Equal preference for two tastes therefore need not imply identical evaluations
of palatability, but only that an equivalent ratio exists between positive and negative
evaluations.

The results of the higher isohedonic pair present more of a problem for the
hypothesis. Here there was no difference between two solutions in either FAP group, in
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apparent confirmation of the one-dimensional model. The failure of the sucrose
quinine mixture to elicit a level of responding higher than the sucrose standard cannot
be attributed to a ceiling effect: the level of FAPs elicited separately by the pure taste
extremes (18% sucrose and 0·05% quinine; not shown) exceeded that which was elicited
by the mixture. On the other hand, the clear demonstration of a separation in the
control of the two FAP groups, confirmed by two independent measures in the low
isohedonic and extra-quinine comparisons, makes it difficult to suppose that the
nervous system reverts to a single palatability evaluation under unspecified circum
stances of the high-isohedonic comparison.

One possibility is that, at higher levels of activation, the two decisions exert
inhibitory effects on one another that are not seen at low levels of activation. Fewer
aversive FAPs were emitted to the higher [18% sucrose +0·01% quinine] mixture than
to the low [7% sucrose +0·01% quinine] mixture (p<0·05, Wilcoxon matched pairs
test and z-test of proportions). Fentress (1973) has suggested that it may be a property
of motivational systems in general to exert increasingly inhibitory influences on other
systems in direct proportion to their own level of activation. Similar effects have been
posited for other specific motivational conflicts (e.g., Tinbergen, 1952) and, in fact, one
hypothesis of ethological displacement activities suggests that such activities become
possible only after the strong mutual inhibition between two highly-activated,
dominant activities has freed the motor pathway (Andrew, 1956).

The remarkably close agreement between the two measures employed in this study
(proportion of rats responding and number of FAPs emitted) carries interesting
implications of its own. Although such close agreement is by no means logically
necessary, the probability that a rat will show a given FAP is directly correlated with
the numbers of FAPs appearing in the group as a whole (r = 0·66, p < 0·01 for the three
comparisons in this study), and both vary continuously with the evaluation of taste
palatability. The correlation is not simply due to the recruitment of additional rats,
each of which might add a constant number of responses: the average number of FAPs,
emitted by those rats that respond to more than one stimulus, also varies with
palatability. This suggests that the palatability decision which activates these FAPs is
probabilistic rather than deterministic, and that both the likelihood that a rat will emit
a FAP and the number of FAPs he will emit if he emits any at all obey this same
probability. It also means that, although the absolute number of FAPs is indeed the
most detailed and sensitive measure available (Having been the only measure able to
detect the difference in ingestive FAPs within the low-isohedonic comparison), the
percentage-of-rats-responding measure can nonetheless be used as a reliable "shortcut"
index of palatability. This point serves both to validate the past use of the percentage
measure to obtain palatability profiles (Berridge et al., 1981; Pelchat, Grill, Rozin &
Jacobs, 1983; Berridge & Grill, 1983) and to guide other investigators who may wish to
employ this measure of taste reactivity.

In conclusion, the data presented here predominantly support the hypothesis that
two separate decisions are made by the nervous system in assessing taste palatability.
The phenomenon of an independent increase in the strength of aversion, leaving
ingestion unchanged, was replicated by two separate measures in the extra-quinine
comparison. Other work from our laboratory has shown that ingestive FAPs may
likewise be independently manipulated. For example, repeated exposures to hyper
tonic NaCI produced a gradual reduction in the number of elicited ingestive FAPs
while the number of aversive FA Ps remained constant (Berridge et al., 1984). The
levels of ingestive and aversive FAPs may thus be changed independently of the other.
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Furthermore, the low-isohedonic comparison demonstrates that ingestive and aversive
FAPs can even be increased together by simultaneously increasing the eliciting stimuli
for each. Finally, the fact that this phenomenon appears only in the low-concentration,
and not in the high-concentration, isohedonic comparison suggests that the two
separate palatability decisions exert increasingly inhibitory effects on one another as
their own level of activation is increased. This new hypothesis can be examined further
as we continue our search for the rules that control these behaviors.
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